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(57) ABSTRACT

A power supply device includes a power supply circuit
configured to output different voltages to a plurality of
output lines, a plurality of capacitors provided 1n correspon-
dence with the plurality of output lines, one end of each of
the plurality of capacitors being coupled to a corresponding
output line of the plurality of output lines and an other end
thereol being coupled to a ground potential, a plurality of
diodes provided in correspondence with the plurality of
output lines, anodes of the plurality of diodes being coupled
to the corresponding output lines and cathodes thereof being
commonly coupled, and a discharge resistor coupled to the
cathodes of the plurality of diodes.
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POWER SUPPLY DEVICE WITH
DISCHARGE CONTROL

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2021 -
77255, filed on Apr. 30, 2021, the entire contents of which

are 1ncorporated herein by reference.

FIELD

The embodiments discussed herein are related to a power
supply device.

BACKGROUND

There has been known a power discharge circuit that
includes a multi-power supply circuit that mndividually gen-
crates a plurality of voltages and executes discharge pro-
cessing according to a power-oll sequence for a power
supply node to be subject to discharge among respective
power supply nodes corresponding to the plurality of volt-
ages. In this power discharge circuit, a capacitor 1s con-
nected to each of the power supply nodes, a discharge circuit
1s connected to the power supply node having the highest
voltage, and a diode 1s connected between adjacent power
supply nodes. When the discharge by the discharge circuit
starts at a time of power-oil, the discharge of each of the
power supply nodes 1s carried out 1in descending order of
voltage.

Japanese Laid-open Patent Publication No. 2018-835859 1s
disclosed as related art.

SUMMARY

According to an aspect of the embodiments, a power
supply device includes a power supply circuit configured to
output different voltages to a plurality of output lines, a
plurality of capacitors provided in correspondence with the
plurality of output lines, one end of each of the plurality of
capacitors being coupled to a corresponding output line of
the plurality of output lines and an other end thereof being
coupled to a ground potential, a plurality of diodes provided
in correspondence with the plurality of output lines, anodes
of the plurality of diodes being coupled to the corresponding
output lines and cathodes thereol being commonly coupled,
and a discharge resistor coupled to the cathodes of the
plurality of diodes.

The object and advantages of the mmvention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-

plary and explanatory and are not restrictive of the inven-
tion.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1llustrating an exemplary configura-
tion of a power supply device according to a first embodi-
ment;

FIG. 2 1s a diagram 1illustrating exemplary operation of a
power supply device according to an embodiment;
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FIG. 3 1s a diagram 1llustrating an exemplary configura-
tion of a power supply device according to a comparative

mode;

FIG. 4 1s a diagram 1llustrating exemplary operation of a
power supply device according to a comparative mode;

FIG. 5 1s an equivalent circuit diagram illustrating dis-
charge operation of a power supply device according to a
comparative mode;

FIG. 6 1s a diagram illustrating a voltage and a current
during a discharge operation of a power supply device
according to a comparative mode;

FIG. 7 1s an equivalent circuit diagram illustrating dis-
charge operation of a power supply device according to a
comparative mode;

FIG. 8 1s a diagram illustrating a voltage and a current
during a discharge operation of a power supply device
according to a comparative mode;

FIG. 9 1s a diagram 1illustrating an exemplary configura-
tion of a power supply device according to a second embodi-
ment; and

FIG. 10 1s a diagram 1llustrating exemplary operation of
the power supply device according to the second embodi-
ment.

DESCRIPTION OF EMBODIMENTS

According to a traditional technique, a capacitor con-
nected to a power supply node on a low voltage side 1s
subject to discharge by a discharge circuit connected to the
power supply node having the highest voltage via a diode
connected to a power supply node on a high voltage side.
Accordingly, the capacitor connected to the power supply
node having a lower voltage has a larger number of diodes
to pass through so that the forward voltage of the diodes
accumulates, whereby it becomes diflicult to discharge.

Heremaiter, embodiments of a technique related to a
power supply device that includes a power supply circuit
that outputs different voltages to a plurality of output lines
and facilitates discharge of capacitors connected to the
respective output lines will be described with reference to
the drawings.

FIG. 1 1s a diagram 1llustrating an exemplary configura-
tion of a power supply device according to a first embodi-
ment. A power supply device 101 illustrated in FIG. 1 1s a
circuit that generates a plurality of output voltages Vout
(VCC1, VCC2, and VCC3 1n this example) having different
voltage values, and supplies them to a load 51. VCC3 1s
smaller than VCC2, and VCC2 1s smaller than VCC1. The
power supply device 101 1s provided 1n, for example, an
clectronic device (not illustrated) including the load 51. The
power supply device 101 may also be built 1n or externally
attached to the corresponding electronic device.

The electronic device includes the load 51 and the power
supply device 101. While specific examples of the electronic
device include a supercomputer, a server, a personal com-
puter, a mobile terminal device, and the like, the electronic
device 1s not limited to those devices.

The load 51 operates using the direct current (DC) volt-
ages VCC1, VCC2, and VCC3 generated by the power
supply device 101 as a power supply voltage. The load 51
may be a single element, or may be a circuit block including
a plurality of elements. The load 51 includes, for example,
a first internal circuit that operates using the first voltage
VCC1 as a power supply voltage, a second internal circuit
that operates using the second voltage VCC2 as a power
supply voltage, and a third internal circuit that operates
using the third voltage VCC3 as a power supply voltage.
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While specific examples of the load 51 include semicon-
ductor devices such as a Field Programmable Gate Array

(FPGA), an Application Specific Integrated Circuit (ASIC),

a microcomputer, and a memory, the load 51 1s not limited
thereto.

The power supply device 101 includes a power supply
circuit 20, a plurality of capacitors C1, C2, and C3, a
plurality of diodes D1, D2, and D3, and a discharge resistor
R1.

The power supply circuit 20 outputs the different voltages

VCC1, VCC2, and VCC3 to a plurality of output lines 31,

32, and 33, respectively. In the example 1llustrated in FIG.
1, the power supply circuit 20 includes a plurality of
converters 21, 22, and 23 that generate the plurality of
voltages VCC1, VCC2, and VCC3 from a common input

voltage Vin. The input voltage Vin 1s supplied from a power
source 41. Each of the converters 21, 22, and 23 1s an
example of a voltage generation circuit that generates volt-
age.
Each of the converters 21, 22, and 23 may be an integrated
circuit including an mnput terminal to which the common
input voltage Vin 1s mput, an output terminal connected to
a corresponding output line among the plurality of output
lines 31, 32, and 33, and a ground terminal connected to a
common ground potential. The converters 21, 22, and 23
may also generate a voltage from different power source
input voltages istead of the common input voltage Vin.

The converter 21 converts the input voltage Vin 1nto the
DC voltage VCC1, and outputs it to the output line 31. For
example, the converter 21 1s a DC-DC conversion circuit
that converts the DC 1nput voltage Vin into the DC voltage
VCC1 and outputs the DC voltage VCC1 to the output line
31. The converter 21 may be a step-down circuit that
generates the voltage VCC1 lower than the iput voltage
Vin, may be a step-up circuit that generates the voltage
VCC1 higher than the input voltage Vin, or may be a
step-up/down circuit having both step-up and step-down
functions. The converter 21 may be a regulator that gener-
ates the voltage VCCI1 that follows a target voltage value
from the input voltage Vin. In a case where the iput voltage
Vin 1s an alternate current (AC) voltage, the converter 21
may also be an AC-DC conversion circuit that converts the
AC mput voltage Vin into the DC output voltage VCC1 and
outputs the DC voltage VCC1 to the output line 31.

The converter 22 generates the voltage VCC2 from the
input voltage Vin, and outputs the generated voltage VCC2
to the output line 32. The converter 23 generates the voltage
VCC3 from the mput voltage Vin, and outputs the generated
voltage VCC3 to the output line 33. Since the converters 22
and 23 have a configuration same as that of the converter 21,
more detailed descriptions of the converters 22 and 23 will
be omitted by referring to the above descriptions regarding,
the converter 21.

The plurality of capacitors C1, C2, and 0 are capacitive
clements provided for the corresponding output lines of the
plurality of output lines 31, 32, and 33, respectively, and
smooth the voltages of the corresponding output lines. The
capacitor C1 1s an element connected to the output line 31,
one end thereol 1s connected to the output line 31, and the
other end thereot 1s connected to the ground potential. The
capacitor C2 1s an element connected to the output line 32,
one end thereol 1s connected to the output line 32, and the
other end thereot 1s connected to the ground potential. The
capacitor C3 is an element connected to the output line 33,
one end thereof 1s connected to the output line 33, and the
other end thereof 1s connected to the ground potential.
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The plurality of diodes D1, D2, and 03 are rectifier
clements provided for the corresponding output lines of the
plurality of output lines 31, 32, and 33, respectively, and are
inserted 1n series 1n a path that discharges charges accumus-
lated 1n the capacitors connected to the corresponding output
lines to the discharge resistor R1. The diode D1 has an anode
connected to the output line 31 and a cathode connected to
one end of the discharge resistor R1. The diode D2 has an
anode connected to the output line 32 and a cathode con-
nected to one end of the discharge resistor R1. The diode D3
has an anode connected to the output line 33 and a cathode
connected to one end of the discharge resistor R1. Each of
the cathodes of the plurality of diodes D1, D2, and D3 1s
commonly connected to one end of the discharge resistor
R1. The plurality of diodes D1, D2, and D3 form a diode-OR
circuit.

The discharge resistor R1 1s connected to the cathodes of
the plurality of diodes D1, D2, and D1 One end of the
discharge resistor R1 1s commonly connected to the cath-
odes of the plurality of diodes D1, D2, and D3, and the other
end 1s connected to the ground potential. The discharge
resistor R1 may also be formed of one or a plurality of
resistance elements depending on the magnitude of the
discharge current tlowing through the discharge resistor R1.

In the power supply device 101 according to the first
embodiment, the discharge resistor R1 1s commonly con-
nected to each of the cathodes of the plurality of diodes D1,
D2, and D3 connected to the corresponding output lines of
the plurality of output lines 31, 32, and 33. Thus, in a case
of discharging the charges accumulated in the capacitors C1,
C2, and C3 with the discharge resistor R1, each of discharge
cutoll voltages of the respective voltages VCC1, VCC2, and
V(CC3 of the plurality of output lines 31, 32, and 33 becomes
a forward voltage VF of each of the diodes D1, D2, and 03
(see FIG. 2). Therelore, the capacitor voltage of each of the
capacitors C1, C2, and C3 drops to the discharge cutoil
voltage of the forward voltage VF due to the discharge to the
discharge resistor R1, whereby the charges accumulated 1n
cach of the diode capacitors C1, C2, and C3 are likely to be
discharged as compared with a mode illustrated 1n FIG. 3.

FIG. 3 1s a diagram 1llustrating an exemplary configura-
tion of a power supply device according to a comparative
mode. A power supply device 100 illustrated in FIG. 3
corresponds to the power discharge circuit disclosed 1n
Japanese Laid-open Patent Publication No. 2018-858359.
The power supply device 100 includes three power supply
circuits 1a, 15, and 1¢. The power supply circuit 1a outputs
the voltage VCC1 to an output line 9a, the power supply
circuit 15 outputs the voltage VCC2 to an output line 95, and
the power supply circuit 1¢ outputs the voltage VCC3 to an
output line 9¢. VCC3 1s smaller than VCC2, and VCC2 1s
smaller than VCC1. A capacitor 7a and a load 8a are
connected to the output line 94, a capacitor 7b and a load 8b
are connected to the output line 95, and a capacitor 7¢ and
a load 8¢ are connected to the output line 9¢. A diode 2a 1s
connected between the output line 95 and the output line 9a,
and a diode 256 1s connected between the output line 9¢ and
the output line 95.

A discharge circuit 5 includes a current limiting resistor 3
and a switching element 4. The discharge circuit 5 executes
discharge by the switching element 4 switched to a closed
state by a discharge control circuit 6.

FIG. 4 1s a diagram 1illustrating a discharge operation by
the discharge circuit 5 in the power supply device 100
illustrated 1n FIG. 3. In a steady state, the voltage VCC3 of
the output line 9¢ 1s smaller than the voltage VCC2 of the
output line 95, and the voltage VCC2 of the output line 95




US 11,881,772 B2

S

1s smaller than the voltage VCC1 of the output line 9a. VF
represents a forward voltage of the diodes 2a and 256. When
the discharge by the discharge circuit 3 starts, the charge of
the capacitor 7a 1s discharged to the discharge circuit 5, and
VCC1 drops. When VCC1 becomes equal to or lower than 5
(VCC2-VF), the charge of the capacitor 76 starts to be
discharged to the discharge circuit 5 via the diode 2a, and
VCC2 starts to decrease. When VCC2 becomes equal to or
lower than (VCC3-VF), the charge of the capacitor 7c starts

to be discharged to the discharge circuit 3 via the diode 256 10
and the diode 24, and VCC3 starts to decrease.

However, as 1llustrated 1in FIG. 4, “VCC1>VCC2>V(C(C3”
1s satisfied at a start stage of a power-oil sequence, whereas
“VCCI<VCC2<VCC(C3” 1s satisfied at an end stage of the
power-oil sequence. For example, as the power-ofl sequence 15
progresses, the magnitude relationship of VCC1, VCC2, and
VCC3 1s reversed. When the magnitude relationship of
VCC1, VCC2, and VCC3 1s reversed, a logic error, latch-up,
tailure, or the like of the loads 8a, 85, and 8¢ may occur
depending on the specifications of the loads 8a, 85, and 8c. 20

Furthermore, as illustrated in FIGS. 5 and 6, a discharge
current 13 flowing from the capacitor 76 to the current
limiting resistor 3 via the diode 2a 1s cut off when the voltage
VCC2 of the output line 95 (capacitor 7b) drops to the
torward voltage VF of the diode 2a. As 1illustrated in FIGS. 25
7 and 8, the discharge current 13 flowing from the capacitor
7c to the current limiting resistor 3 via the diodes 26 and 2a
1s cut ofl when the voltage VCC3 of the output line 9c¢
(capacitor 7c¢) drops to the sum of the forward voltages
(2xVF) of the diodes 26 and 2a. For example, 1n a configu- 30
ration in which diodes are connected 1n series as i the
power supply device 100 according to the comparative
mode, the discharge cutofl voltage increases as the number
of diodes through which the discharge current passes
increases. Therefore, the capacitor connected to the output 35
line having a lower voltage has a larger number of diodes
through which the discharge current passes so that the
tforward voltage of the diodes accumulates, whereby 1t
becomes diflicult to discharge.

Meanwhile, in the power supply device 101 according to 40
the first embodiment illustrated in FIG. 1, the plurality of
output lines 31, 32, and 33 are connected to the discharge
resistor R1 via the diode-OR circuit including the diodes D1,
D2, and D3. Thus, as illustrated in FIG. 2, any discharge
current flowing from the capacitors C1, C2, and C3 to the 45
discharge resistor R1 flows until VCC1, VCC2, and VCC3
drop to the forward voltage VF. Therefore, the charges
accumulated 1n each of the diode capacitors C1, C2, and C3
are easily discharged.

Furthermore, since the plurality of output lines 31, 32, and 50
33 are connected to the discharge resistor R1 wvia the
diode-OR circuit including the diodes D1, D2, and D3, as
illustrated 1 FIG. 2, the magnitude relationship of VCCI,
VCC2, and VCC3 1s not reversed even when the power-oil
sequence progresses. For example, when the power-ofl 55
sequence starts due to the interruption of the mput voltage
Vin, VCC1, VC(C2, and VCC3 having voltage values of v1,
v2, and v3 1n the steady state, respectively, drop to the
discharge cutofl voltage (forward voltage VF) without the
magnitude relationship being reversed. Therefore, 1t 60
becomes possible to reduce the possibility that the logic
error, latch-up, failure, or the like of the load 31 occurs.

FIG. 9 1s a diagram 1llustrating an exemplary configura-
tion of a power supply device according to a second embodi-
ment. In the second embodiment, descriptions of configu- 65
rations and eflects similar to those 1n the first embodiment
will be omitted by referring to the descriptions above. A

6

power supply device 102 illustrated 1 FIG. 9 1s different
from the power supply device 101 according to the first
embodiment 1n that a control circuit 61 1s included.

The control circuit 61 controls current flowing a discharge
resistor R1 depending on the magnitude of an input voltage
Vin. Thus, 1t becomes possible to adjust the power consump-
tion due to the current flowing through the discharge resistor
R1. For example, in a case where the input voltage Vin 1s
high, the control circuit 61 suppresses, using a switching
clement Q10, the current flowing through the discharge
resistor R1 as compared with a case where the mput voltage
Vin 1s low. Suppressing may also include the meaning of
stopping. Thus, 1t becomes possible to suppress an increase
in the power consumption due to the current flowing through
the discharge resistor R1 1n a state where the steady input
voltage Vin 1s supplied. For example, when the control
circuit 61 detects a decrease 1n the mput voltage Vin, 1t uses
the switching element Q10 to permit the current to flow
through the discharge resistor R1. Thus, when a power-oil
sequence starts due to interruption of the input voltage Vin,
it 1s possible to discharge charges of capacitors C1, C2, and
C3 to the discharge resistor R1 to reduce VCC1, VCC2, and
VCC(C3.

The control circuit 61 includes, for example, a monitoring,
circuit 62 that monitors the input voltage Vin, and a selection
circuit 63 that selects whether or not to pass the current
through the discharge resistor R1 depending on a monitoring
result of the mput voltage Vin by the monitoring circuit 62.
The monitoring circuit 62 includes, for example, resistors
R20, R21, and R22, a Zener diode D11, and a comparator
Compl. The selection circuit 63 includes, for example,
resistors R23, R10, and R11, a diode D10, and a switching

clement Q10.

The monitoring circuit 62 makes a comparison to deter-
mine whether or not the input voltage Vin 1s higher than a
reference voltage Vr using the comparator Compl. A thresh-
old voltage Vth corresponding to the reference voltage Vr 1s
generated by the resistor R20 and the Zener diode D11. With
the input voltage Vin subject to voltage dividing by the
resistor R21 and the resistor R22, a detection voltage of the

input voltage Vin 1s generated. The monitoring circuit 62
sets a level of a determination voltage Vo output from the
comparator Compl to a high level in a case where the mput
voltage Vin 1s higher than the reference voltage Vr, and sets
the level of the determination voltage Vo to a low level in a
case where the mput voltage Vin 1s lower than the reference
voltage Vr.

The selection circuit 63 switches the switching element
Q10 on or ofl depending on the level of the determination
voltage Vo. The selection circuit 63 turns off the switching
clement Q10 when the level of the determination voltage Vo
1s the high level. Thus, 1t becomes possible to suppress the
power consumption of the discharge resistor R1 when the
voltage output of the converters 21, 22, and 23 1s on. On the
other hand, the selection circuit 63 turns on the switching
clement Q10 when the level of the determination voltage Vo
1s the low level. Thus, 1t becomes possible to pass the
discharge current from the capacitors C1, C2, and C3
through the discharge resistor R1 when the Voltage output of
the converters 21, 22, and 23 1s off.

FIG. 9 exemplifies a case where the switching element
Q10 1s a PNP bipolar transistor. However, the switching
clement Q10 may be another element such as, for example,
a semiconductor element such as a Metal Oxide Semicon-

ductor Field Effect Transistor (MOSFET). The diode D10 1s
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for pressure resistance protection of the switching element
(Q10. The resistor R23 1s for output current adjustment of the
switching element (Q10.

FIG. 10 1s a diagram 1illustrating exemplary operation of
the power supply device according to the second embodi-
ment. The exemplary operation 1llustrated 1n FI1G. 10 has the
tollowing conditions.

Range of Input Voltage Vin: 8 Vio 12V
Reference Voltage Vr: 7.9V
Q10— (Reference: Current amplification factor Fife 1s

100 or more)
R10, R11: 10 k&

D13: 79V

R20: 10 k€2

R21: 100 €2

R22: 10 k€2

R23:.—(Reference: 100€2)

The voltage of a non-inversion mput terminal V+ of the
comparator Compl 1s determined by “V+=Vin/(R21+R22)x
R22”. Since the voltage of an imnverting input terminal V- of
the comparator Compl uses the Zener diode D11 having a
Zener voltage of 7.9 V, 1t 1s clamped at a fixed value of 7.9
V when the input voltage Vin 1s equal to or hugher than 7.9
V. When the mput voltage Vin i1s lower than 7.9 V, the
voltage of the mverting input terminal V- 1s the voltage
same as that of the input voltage Vin. The determination
voltage Vo output from the comparator Compl 1s the high
level 1n a case of V4>V —, and 1s the low level 1n a case of
V->V+,

Although the embodiments have been described above,
the technique of the present disclosure 1s not limited to the
embodiments described above. Various modifications and
improvements such as combination and replacement with
some or all of other embodiments may be allowed.

All examples and conditional language provided herein
are intended for the pedagogical purposes of aiding the
reader 1n understanding the invention and the concepts
contributed by the imventor to further the art, and are not to
be construed as limitations to such specifically recited
examples and conditions, nor does the organization of such
examples 1n the specification relate to a showing of the
superiority and inferiority of the invention. Although one or
more embodiments of the present invention have been
described 1n detail, 1t should be understood that the various
changes, substitutions, and alterations could be made hereto
without departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A power supply device comprising:

a power supply circuit configured to output diflerent
voltages to a plurality of output lines;

a plurality of capacitors provided in correspondence with
the plurality of output lines, one end of each of the
plurality of capacitors being coupled to a corresponding,
output line of the plurality of output lines and an other
end thereof being coupled to a ground potential;

a plurality of diodes provided 1n correspondence with the
plurality of output lines, anodes of the plurality of
diodes being coupled to the corresponding output lines
and cathodes thereof being commonly coupled;

a discharge resistor coupled to the cathodes of the plu-
rality of diodes; and

a control circuit configured to control current that flows
through the discharge resistor according to magmtude
of the mput voltage,

wherein the power supply circuit includes a plurality of
voltage generation circuits that generate a plurality of
the voltages from a common mput voltage, and
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wherein 1n a case where the mput voltage 1s higher than
a predetermined value, the control circuit suppresses
the current as compared with a case where the input
voltage 1s lower than the predetermined value.

2. The power supply device according to claim 1, wherein
the voltage generation circuit includes a DC-DC conversion
circuit.

3. The power supply device according to claim 1, wherein
the control circuit includes a switching element coupled in
series with the discharge resistor and controls the current by
using the switching element.

4. A power supply device, comprising:

a power supply circuit configured to output di

voltages to a plurality of output lines;

a plurality of capacitors provided in correspondence with
the plurality of output lines, one end of each of the
plurality of capacitors being coupled to a corresponding
output line of the plurality of output lines and an other
end thereof being coupled to a ground potential;

a plurality of diodes provided 1n correspondence with the
plurality of output lines, anodes of the plurality of
diodes being coupled to the corresponding output lines
and cathodes thereof being commonly coupled; and

a discharge resistor coupled to the cathodes of the plu-
rality of diodes,

wherein the power supply circuit includes a plurality of
voltage generation circuits that generate a plurality of
the voltages from a common mput voltage,

wherein a magnmitude of each of the plurality of voltages
relative to each other during a steady state of power
supply by the power supply circuit sets a magnitude
relationship of the plurality of voltages, and

wherein the plurality of voltages are lowered to a dis-
charge cutofl voltage without reversing the magnitude
relationship of the plurality of voltages when the input
voltage 1s interrupted.

5. A power supply device comprising:

a power supply circuit configured to output di
voltages to a plurality of output lines;

a plurality of capacitors provided in correspondence with
the plurality of output lines, one end of each of the
plurality of capacitors being coupled to a corresponding
output line of the plurality of output lines and an other
end thereol being coupled to a ground potential;

a plurality of diodes provided 1n correspondence with the
plurality of output lines, anodes of the plurality of
diodes being coupled to the corresponding output lines
and cathodes thereof being commonly coupled;

a discharge resistor coupled to the cathodes of the plu-
rality of diodes; and

a control circuit configured to control current that flows
through the discharge resistor according to magnitude

of the mput voltage,

wherein the power supply circuit includes a plurality of
voltage generation circuits that generate a plurality of
the voltages from a common mput voltage,

wherein the control circuit permits the current to tlow

through the discharge resistor when a decrease of the
input voltage 1s detected.

6. The power supply device according to claim 5, wherein
the control circuit includes a switching element coupled in
series with the discharge resistor and controls the current by
using the switching element.
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